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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

TEA NTUMBER: 1. 1.0.0 ORIGINATOR: JSC/MM ASTRO FROJECT: GEFE
FART NAME: CARGO BAY LEU/OBRU PART NUMBER: 3273800-504 QUANTITY: 1
PART NUMEER: 3}798%0-505 LREIFORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGNATOR:312 THEQD SUTERYSTEM:
FTOMNEAOCATION: N/A EFEFECTIVITY/AFFFCT STAGE:

CRIFICALITY:
CRITICAL ITEM®*: _Yes : SUCCESS PATHS:
CRITICALITY CATEGORY: 11 SUCCESS PATH REMATNING:
END ITEM NAME.:
END ITEM FUKCTIONAL:
ENDITEM CAPARILITY:

END ITEM FATLURE TOLEBANCE:

REDLNDANCY & NS (ORBITER/SPACE STATTO

A - Pass
B - Pas;
i, - Pass
D -

TNCTION: Loss of camera putput

FATLTRE MODE CODE:

FATLURE MODE: A malfunctict in the cemera to cause 10tal 1055 of the video sigoal including sync.

CAUERE:

Al Power Supply
AS TCVOXQ-2X

Af RB(G; Video pro<,
ATHTSC ent

Al CCD Drive

FATLURE DETECTION,
REMAINING PATHE:

EFFECT! MIS2ION PHASE:
CORRECTIVE ACTION:

Nene.

~FAILURE EFFECTS-
ENT ITEM/LRLU/ORTU/ASSEMELY: Lows of camera gutput,
SUBSYSTEM/MNEXY ASSEMBLY/INTERFACE: Novideu
SYSTEMEND ITEMMLSS&UN: Loss of mlssion critical video

IEWAEHICLE : Nuoe.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

1EA NUMBER: 1.1.0.0 ORIGINATOR: JSC/MM ASTRO FROJECT: GFE
rART NAME: CARGO BAY LRU/ORDU PARY KUMEBER: 3278590-306 QUANTELTY: 1
FPART NUMBER;: 1178590 -5046 LKL /ORU PART NAME: CTVC SYSETEM: CCTV
LEC CONTROL XO:NA DRAWING/REF DESIGNATOR: 327880 STBSYSTEM:
TONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:
HAAZARD INFORMATION:

HAZARD: YE5_ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FAILURE DETECTION/FLIGHT

REMARKS:
-RATIONALE FOR ACCEPTABILITY-

‘4 DESICN:
" & CTVC is comprised of 21 electrical suhassembliess 13 subasgcmblies are $E Astro Space desiyned snd fabricated using
_andard printed eireult board type construction. The remaining six assemblics, 3 stepper motors, 1 brushless moigr,
Prism/CCD, and Lens assemhbly are vendar supplies componenis, which bave been specified and purchased acenrding to GE .
Specification Coatrol Drawing (SCDs) preparesd try Euginccring and Product Assurance, Specifications per the SCB are
performance, test, qualification, and acceptance requirements Tor a procured piece o vquipment. Parts, maierjals, processes,
and design guidelines for the CTVC pragram are specificd in accordance wilh GE 3267759, This document defines the
proeTam reguirements.

WIL-STD-Y75G will serve as the primary EEE parts selection document. If 3 mitable part cannof b+ found in MIL-5TD-
9750, equivalent LEE parts thet meel the ollowing criteria may be substitated.

Microcireuit 5 are &t least Class B Lavel, MIL-M-38510 devices. All microcircuits are subjected o Particle Impact Naise
Detection (PIND} testing per RIL-STT-R83C (except Far devices wilth plastic eporv-fype packege).

Diodes and transistors are at least JANTXV in sccordance with MIL-5-19500, All sei-conductors in cavity-type packages
are subjected 1y PIND testing per MIL-STD-883C. Relays arc progured to the highest military extablished reliabiity (MIL-
ER) level as defined in MIL-R-29016, Relays are subject to PIND testing.

Switrhex arc procured t0 at lease the second bighest level of the appropriate MIL-ER sp&iﬁcaﬁuu. Switches are subjecicd to
either PIND testing ot X-ray acalysis as appropyiate, for particle Jetectinm

Other discrete parts are procured ta at icast the secoad highest level of the apprapriate MIL-ER specification.
Parts not inciwled in the above documents have been used in the design only after a4 non-standard pariz acceptance request

(RSPAR) has been prepared, submirted ta Reliability Assurance Engincering and approved for use io the specific
-plicatinn(s) defined in the NSPAR by NASA-JSC.

Wnrst case circeit analyses have been performed anil documcirted for all circuit designs to demunstrate that sufficient
operating margins caigt for all operating conditions The 2nalysis was worst case in that the value for each of the va riable .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER: 1.1.¢.0 ORIGINATOR: JSmTM ASTRO PROTECT: GFE
rART NAME: CARGD BAY LEUQRY PART NUMBER: 32 7E820-506 QUANTITY: 1
FART NUMBER: 32 TRES{-506 LRIVOEL PART NAME: CTVC SYSTEM: CCTV
LSC CORTROL NO:N/A DREAWING/REF DESIGNATOHR 3278890 SUBSYSTENM:
ZONE/LOCATION: /A EFFECTIVITY/AFFECT STAGE:

parameters wias sel 1o linits that will drive the output to 4 meximum (ar min). A component approach review and analysis
was conducted 1o verify 1hat the applied stress on each piece part by the temperature sxiremes ideptified with 2ovircnmental
qualification testing does not exceed the steess derating values identified in GE 3257759,

In addition, an objective examinarion of the design was performed through a Freliminary Desizn Review and Critical Desigm
Review tp verify that the CTVC met speciflication and contractual requirements,

BARE BUOARD LESIGN

All beards are construscted from Jaminated copper-ciad ¢poxy glass sheets per MIL-P-13949 Type G Grade A Circuit
connections are mede throwzk prioted traces which run From poict to peint eo the board surfaces. Every trace terminates at
an annular ring, The antielar riog surrounds the hole in which a comprment lead or terminal is located. This ving provides 2
feoting for the soler, epsuring good mechapical and slectrical performance. Its size and shepe are goveroed by MIL-P-
S5640 a8 are trace widths, spacing and routing. These requirements are reityrated specifically in drawing notes ty further
assure compliince Variation between the artwork master and the final predoct (due to irvepulavities of the etching process)
are alse controlled by drawing notes. This prevents making defective boards from goed-artwork Holes which house no lead
or ferminal, bot serve only to elecirically interecancet the different board Jayery, contain stitch bars for mechanical support
and inecressed ralizhbility.

The throuph holes are driiled from a drill tape thus eliminating the possibillty of human error and allowing tight control over
“}¢ aod aonular ring concentnicity, an important reliability criteriom, Afer drilling and etching, sil copper cladding is tin-
o] plated per M1L-5TD-1493, This provides for easy and reliable solderiog at the time of board assumbly, even after
periods of prolonpged storage.

DOARD ASSEMBLY DESIGN

-All companents are ingialled in 4 manper which assures maximum reliability, Component leads are pre-tinoed, allowing

total wetting of solder joints All leads are formaed to peoavide stress relief and she bodies of Jarge compeonents are staked.
Special mounting 2nd banding instructions are inciuded in each drawing required after final assembly, The board is coated
with urethune which protects against humidity end contaminacion.

(B] TEET: ACCEPTANCE
Each assembly is individually tested o a NASA approved Acceprance Test Pracedure TP-AT-32788%0, The Acceptance Teat
Flow is detaifed in Tuble 1. '

QUALTFICATION TEST

The qualification uoit is identical 1o the fight unit configuration in every respect and is used solely for the purpose of
gualification testing, The Qual unit must successfully compleie acceptance lesting prior 10 entering qualification testing. The
Qual unit has passcd testing in accordance with NASA approved test plan PN-C-32738%). The Quatification Test Flow is
detailed in Table 2.

OPERATIONAL TESTS

In prder to verify that CCTV components are operational, a test mus! vierafy the health of all the command related
enmponenls from the FHS (A741) panel switch, through the ECU, Through the syoc lines to the CameraPTI, tn the
CameraPTU tommand decoder. The test must also verify 1he camera’s ability to produce video, the VSU's ability to route
viden, and the menitar's ability ta display video. A similar test woold b performed to verify the MDM command path.

Fre-Launch on Orhiter Test/In-Flight Test
1. Power CCTV system.

2.  Via the PHS panel, sclect 2 manitgr.
& Send "Camera Fower On™ command

CCTV/CTVC -3



L& Gow’

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“"MEA NUMEER: 1.1.1L.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
tART NAME: CARGO BAY LEL/ORU PART NTMEER. 327883{0-30& QUGANTITY: 1
FART NUMBEE: 127883504 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DRAVWING/REF DESIGNATOR: 3278500 SUBSYSTEM:
FONE/LOCATION:N/A EFFECTIVITY'AFFECT STACE:
from the PHS panel.
4,  Select *External Syoc™ on mopitor,

5. Obserye video displayed on munitor.
MNote that if video on monitar is synchranized (l.e., stable raster)
then thiy ingdicates that the camera is
recening composite syac from the RCL and
that the camera iy producing synchronized video.
& Send Pan, Til, Focwrs, Zoam, ALC, and Gamma
tommands and visually (either via the
méonitor or direct ohservation) verify vperanon.
7.  Select downlink as destinaiion and camera |
onder test 4% Source,
K. Ohserve video routed to dovwnlink
u, Send “Camera Fower Off* command via FHS pancl.
10. Repeat 50eps 3 throuph 2 excepd issuc
commands via Lthe MDM commiand prib.

(Cy INSFECTION:
Procurement Control - The CTVC EEE Parts and hardware items are provered From approved vesdors and suppliers,
hich meet the requirements set forth in the CTVC contract. Resident DPFRO pareonne! veview all procorement decuments
ertablish the need for GEI on sclected parts (PAT 517, .

Incoming Inspection and Storage - Incoming Quality inspections are made on 21l received materials and paris. Hesults are
recored by lot and retained io file by drawing end control numbers far future reference and traceabilily. All EEE paris are
subjeeted 10 incoming acceptance tests as called for in PAI 315 - Incoming Inspection Test Instructions. Incoming flight parts
are further processed in aceardance with X 1846684 - Precanditioning and Acceptence Requirements for Electronic Parnts,
with the exception that DFA and PIND testing is not performed. Mechanical items are inspected per PAI 316 - Incoming
Inspection Instructions Tor Mechanical items, PAL 305 -« In¢oming Ouality Control Inspection Ingtruction, and PAT 612 -
Procedure for Processicg Incoming or Purchased Parts Designated for Flight Use. Aceepted items are delivered to Maierial
Cuntrolled Stores and retained under specified conditions uatil fabrication is required. Non-comforming materialy are held
for Material Review Board (MRB) dispasition. (PAIL-307, PAL 1QC-531)

Buoard Assembly & Test - Prior to the start of TVC boeard assembly, all items are verified te be correct by stock room
persunngl , a5 the ilems are accumulated to form a kit. The items are verificd again by the eperator wha assembles the kit by
checking zgainst the as-built-parts-list (ABRPL). DPRO Mandatory Inspection Poiots are designed for all printed cironil, wire
wrap and welded wire boards, plus harmess ennnectars for soldering wiring, crimpiny, solder splices and gualery
workmanship prior to coating of the eomponent side of boards and sleeving of harnesges.

CTvC Boards

Specific CTVC board assembly and test instructions are provided in drawing notes, and applicable documents are called cut
in the Fahrication Procedure and Record (FPR-327B890) und parts list PL3279590, These inciude Process Standard RTVY-
S6G 2280881, Process Standard - Banding Velero Tape223088%9, Specification, Soldering 2260749, - Specification Crimping
2150800, Specificatinn - Bunding and Staking 2220878, Specification - Marking 2280876, Specification - Workmenship
£030035, Specification Bonding and Staking I2K0875, specification-Wave Sclder 2280921, Specification-Printed Wire Baard
Stzking 2280851, Specilcation-Reflow Soldering 2280754, Specificativn-Soldering Surface Mount Components 20005710.

JWC Assembly and Test
An open hox test is performed per TP-IT-3278890 and 20 Acceptance Test per TP-AT-3278590, including vibration aad .
thermal vacuum. Turque's are specificd and witnessed, traceability numbers sre recorded and calihrated tool are checked
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

e

. "MEA NUMEER: 1.1.0.0 ORIGINATOR: JSC/MM ASTRO PROJECT: CFE
PART NAME: CARG( BAY LRU/ORU PART NUMBER: 3278%20-30¢ QUANTITY: 1
PART NUMBER: 3273502(-506 LRUADET PART NAME: CTYC SYSTEM: COCTY
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:32783H) SUBSYSTEM:
LONE/LOCAEIONN/A EFFECTIVITY/AFFECT STAGE:

priar o wse. GE Quality and DPRO ingpections are performed a the cvmpletion of specified FFR operalions io accordaoce
with PAL-204, FAT-205, and PAT-117. DPRO persennel witness CTVYC butteh-up and critical torguing

The CTVC is packaged according to CCTV Letter 8011 and 225(746, P rocess Standard for Packaging and Handling
Fuidelines. Al related doecumentatign including assembly drawings, Parts List, ABPL, Test Data, ete, is gathered and held
in 2 documentation folder agsipned specifically to each assembly. This Folder is retained for reference. An EIDP is prepared
for each asserahly in accordance with the requirements of WE-2543176. GE QC and DFRO personnel witn 255 crating,
packaging, packiog, and marking, and review the EIDF for compleleness and accuracy.

TABLE 1. ACCEPTANCE TEST FLOW

1. RQOM AMBIENT PERFORMANCE TEST
Test ¢conducted per the requirements of NASA
appraved TP-AT-3278%M),

2. ACCEPTANCE VIBRATION EXPOSURE
20-30 Hr: 3 db/octave rige from .01 p2/Hz to 0.04 g2/H=
B(-350 He:0.04p2/H
350-2000 Hz: 3 4B actave decreased to 0006 22/ Hz
Test Duration: 1 minpee/axis, operzting

. Test Level: &.1 prms

3. POST-¥IBRATION FUNCTIONAL CHECK
Trst conducted per the requirements of WASA
approved TP-AT-327850M.

4. ACCEPTANCE THERMAT -VACTUM EXPOSTRE
1.5 eviles tptal freoun +115 deg F 1o +14 deg F.

After stabilization, ehe hour minimum duratioo
at each platean. In-spec funclional tests performed at
each platenu.

5, POST-ENVIRONMENTAL FERFORMANCE TEST
Room ambient perfarmance tests conducted in
accordance aith NASA approved TP-AT-32TER9),

TA.BLE 2. QUALIFICATION TEST FLOW

1. EMI
Conduct tests run in accordance with the requirements of
SL-E-Q002E, including CS01, C50%, €506, TT01, CEOL,
and CED3, Radiated tests run in  accordance with
SL-E0Q02R including R501, BX03, and BEQ2 except that
the 1est current for RS02 was 2 amps in licw of 20 amps.

2. QUAL FOR ACCEPTANCE YTERATION
20-30 Hz: Idb/octave increasiag o 0.067 ¢2/He
. 30-550 Hz: 0.067/octave
350-2000 Hz: 3dbioctave decrease

CCTVICTVC -5
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LISY

“MEA NTMEER: 1.1.0.0 ORIGINATOR: JSC/MM ASTRO FPROJECT: CFE
FART NAME: CARGO BAY LEWORL PART NUMBER: 32783%)-504 QUANTITY: 1
PART NUNBER: 3273820-506 LRU/ORLU PART NAME: CTVC EYSTEM: CCTV
ILSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:31783H) SUBSYSTEM:

ZONE/LOCATION. N/A EFFRCTIVITY/AFFECT STAGE:

Test Level: 7.8 prms
Test Duretion: 5 mioutes/axis operating

FLIGHT QUALIFICATION YTERATION
20-70 He: 8 dB/oclave increasing (o 0.4 gfHz
78-500 Hz:' 0.4 g2/H=2

500-2000 Hz: Adb/pctave decrease

Test Level: 18.1 grms

Lest duration 48 miowtey/sxis nonnperating

THERMAL-VACTTM

7.5 tyeles total feom 4130 deg F to +2 dex F.

After stabilization, ene bour minimum duration ab¢ach platean.
In-gpec functional tests performed at each platean.

THEEMATL SPMULATION .
Warst case hot and cold missien enviroomenls
siomlated 1o vaicuom. During hot case, in-spec
operation is reguired for & of 14 congtcutive hours
During cold case, in-spec operation is requived for
14 consccutive bhouts

HUMIDITY

120 hours exposure 16 5% RH including four 24
hour temperature cycles of +60 dex F tu 125 deg
K, non-gperating,

(D) FATLURE HISTORY:

None

(£} OPERATIONAL UERE:
Lasz of video. Possible loss of major missing objectives due to loss of RMS cameras
or vber reguired cameras

(F} MAINTAINAEILITY:

PREFARED BY: Bernie Embrey REVISION:

DATE: February 17, 1995 WAIVER RTTMEER
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